1. INTRODUCTION {#sec1}
===============

According to the GLOBOCAN 2008 statistics, approximately 14.1 million cancer cases and 8.2 million cancer deaths worldwide were reported in 2012 \[[@r1]\]. Traditional treatments, such as surgery, radiotherapy and chemotherapy, focus on the efforts to eradicate the tumor cells. Not only do these treatments achieve only limited success, but also problems with tumor cell metastasis, the killing of normal cells, damages to the host's immune system, hematopoietics, drug-toxicity, and drug-resistance remain unresolved. The fourth modality of tumor treatment, tumor biotherapy, plays a significant role in the broad spectrum of human and animal malignancies \[[@r2]\]. Tumor biotherapy has become the novel targeted therapeutic strategy for tumor treatment since Biological Response Modifiers (BRM) were first described by Oldham in 1984 \[[@r3]\] and represents a new concept of tumor therapy, which uses diverse mechanisms to suppress or eliminate tumors with new techniques in biotechnology and the use of biological agents. The mechanisms may be mobilized in the host's defenses, increase the individual's antitumor responses and the ability of normal cells to tolerate damage, increase differentiation or maturation of the tumor cells, directly kill tumor cells, decrease tumor metastasis, and suppress growth-promoting factor \[[@r1], [@r2]\]. Strategies of tumor biotherapy in clinical practice include the use of vaccines, cytokines, interferons, monoclonal antibody, immunotoxins, drug immunoconjugates, targeted radionuclide therapy, stem cells, cellular immunotherapy, growth and differentiation factors, granulocyte colony-stimulating factors, granulocyte-macrophage colony- stimulating factors, cancer gene therapy, and antitumor bioactive substances \[[@r3]\].

In addition to aforementioned treatments, many plants and marine microorganisms, bacterial, yeast, viral and parasitic agents have been used and shown promising and significant potency in inhibiting or eradicating tumors. These agents include the Bacillus Calmette-Guerin vaccine, *Bifidobacterium, Clostridium, Salmonella, adenovirus, Hantaan virus, hepatitis A virus, herpes simplex virus, influenza A virus, poliovirus, rabies virus, measles virus, Newcastle disease virus, respiratory syncytial virus, bluetongue virus, amoeba*, and *Plasmodium* \[[@r3]-[@r5]\]. More precisely, many microorganisms including *Trichinella spiralis (T. spiralis)* have been closely correlated with tumors, whether act as a positive or negative effect \[[@r5]\]. Epidemiological investigations and laboratory studies have independently demonstrated that *T. spiralis* can be positively or negatively associated with tumors. However, our limited understanding of the underlying mechanism makes it difficult to identify the progression of events whether *T. spiralis* may cause, coincide with, or be used to treat tumors.

2. PARASITES AND TUMORS {#sec2}
=======================

Beginning in the late 19th century, microorganisms and their products that suppressed tumor growth without seriously harming normal cells were considered as potential therapeutic agents for cancer \[[@r6]\]. Increasingly, scientific experimental evidence has indicated that parasitic infections enhance resistance against certain types of tumors, especially protozoa \[[@r7]\]. *Toxoplasma gondii* (*T. gondii*) Lysate Antigen (TLA) and *Toxocara canis* egg antigens were shown to inhibite tumor growth in the tumor-bearing mouse model \[[@r8]\], and induce a significant increase of antiangiogenic soluble factors \[[@r9]\], and also lowered the incidence of colon cancer induced by 1,2-dimethylhydrazine in chronically infected Wistar rats with *Trypanosoma cruzi* (*T. cruzi*) \[[@r10]\].

One common feature of all the aforementioned infections is that they trigger significant antitumor activity depending primarily on cell-mediated innate immunity, but humoral immunity; in particular, the induction of Th1 immune responses of recent interest \[[@r11], [@r12]\]. Interestingly, a highly genetically attenuated strain of the *T. cruzi* parasite was able to elicit vigorous and long-lasting T cell-mediated immunity and could be used as an oral vaccine or as a vehicle for gene therapy for tumors \[[@r13]\].

In addition, parasite-derived molecules could be correlated with the induction of antitumor properties *in vivo* in adult mice and *in vitro* in several types of tumor cells that are good potential targets for tumor immunotherapy and efficient immunological adjuvants \[[@r14]\]. One system included *T. cruzi* calreticulin (TcCRT) and enzyme Hypoxanthine-Guanine Phosphoribosyltransferase (HGPRT), and others involved tumor-associated antigens obtained from parasites (TF, Tk, Tn and sialyl-Tn) \[[@r15]\].

Most parasite infections do not cause severe acute symptoms. However, the proven carcinogenicities of several parasitic species, including *Schistosoma haematobium (S. haematobium)*, *S. mansoni*, *S. japonicum*, *Opisthorchis viverrini (O. viverrini)*, and *Clonorchis sinensis (C. sinensis),* were described in humans and in domesticated and laboratory animals \[[@r16]\]. Schistosomiasis caused by *S. haematobium*, *S. mansoni* and *Schistosomiasis japonica* resides in various types of malignancy, such as carcinomas of the liver, biliary tract, intestine, bladder and other pelvic organs and follicular lymphoma of the spleen \[[@r17]\] Liver flukes, *O. viverrini*, *C. sinensis* and *O. felineus*, were associated with an increased incidence of cholangiocarcinoma \[[@r18]\]. *T. gondii* could potentially increase the risk of adult brain cancer \[[@r19]\]. One possibility of the development of neoplasia was chronic inflammation leading to DNA damage, angiogenesis, and immunocompromise due to the establishment of a long-standing relation of the parasitic infections with the host \[[@r20]\].

In addition to the aforementioned parasites, a number of epidemiological investigations and animal experiments have shown that other parasitic diseases appear in association with the development of cancer \[[@r21]\].

3. *T. SPIRALIS* AND THE PREVENTION OR TREATMENT OF TUMORS {#sec3}
==========================================================

*T. spiralis*, which causes a globalized zoonotic parasitic disease known as trichinosis, is the most frequent food-transmitted helminth zoonosis and can infect humans and more than 150 types of other animals. However, death after infection with *T. spiralis* has an unusual presentation. Interestingly enough, *T. spiralis* has the capacity to inhibit tumor growth and prolong host survival time. In 1970, Weatherly first found that the survival rates of Swiss mice given sublethal infections of *T. spiralis* muscle larvae increased in mice breast tumor, and mortality was significantly reduced (Table **[1](#T1){ref-type="table"}**) \[[@r22]\]. In this study, mice were given breast cancer cells or solid tumors through subcutaneous inoculation at the same time or the 7^th^ day after experimental infection with *T. spiralis*. To gain better understanding, many other studies have also been carried out, and many aspects of the inhibition were discovered and studied since then. The growth of the tumor cell was inhibited, and the tumor volume was significantly decreased on the 30^th^ day after inoculation. The suppression of tumor growth was also observed in Malignant Fibrous Histiocytoma (MFH) \[[@r23]\]. The extent of the decrease in the tumor growth was different due to inoculation at different times after infection with *T. spiralis*. Infection with *T. spiralis* in HaM/ICR mice for the 28 days preceding intraperitoneal inoculation with Sarcoma 180 (S-180) tumor cells produced a slight gentle increase in the length of the survival time; however, when tumor cells were inoculated into the mice after 56 days of the parasitic infection, no detectable effect on the resistance to tumors was noted \[[@r24]\]. Another study, unlike the one previously described, showed the control mice developed B16 melanoma cells by day 28 following tumor challenge and died within 60 days, whereas none of the *T. spiralis* -infected animals developed detectable neoplasms \[[@r25]\]. Only recently, *T. spiralis-*infected mice reduced tumor growth and metastasis through a complex transition in cytokine regulation profiles of an *in vivo* model system for B16-F10 melanoma (Fig. **[1](#F1){ref-type="fig"}**) \[[@r26]\].

The antitumor effects of *T. spiralis* observed with A549 lung cancer cells inoculated into animals after the 11^th^ day of *T. spiralis* infection were better than that of the 7 days of infection \[[@r27]\]. Their results indicate that the inhibition effect is rather because of preventative control than the effect of treatment on tumors. The results are consistent with those obtained in studies of nerve neurospongioma C6 cells and human colorectal carcinoma HCT-8 cells \[[@r28]\]. Compared to the rate in animals inoculated with tumor cells before infection with *T. spiralis*, the enhancement rate of the host immune function activated by *T. spiralis* is less in animals inoculated after infection with *T. spiralis* due to tumor cell proliferation activity.

The degree of tumor inhibition depends on the magnitude of the infection in term of the number of infecting larvae. Compared to the size and weight of tumors in mice infected with 50, 300, or 400 *T. spiralis* muscle larvae and the control group, the growth of S180 tumors was diminished in the 100 and 200 parasite groups \[[@r29]\]. Meanwhile, in mice given 5×10^4^ S180 sarcoma cells by peritoneal inoculation at 2 weeks after infection with *T. spiralis*, the subsequent tumor growth was not under control at 6, 8 and 34 weeks \[[@r29]\]. These studies indicate that the suppressive effect, which fully suppressed or reduced the growth of the tumors, was different due to the selection of tumor cell type. The antineoplastic effects of *T. spiralis* infection have been reported in murine ascitic hepatoma cell H22, murine forestomach carcinoma cell MFC and hepatoma carcinoma cell Hepa1-6 \[[@r30]\].

3.1. *T. Spiralis* and Immune Response {#sec3.1}
--------------------------------------

The exact mechanism of how *T. spiralis* inhibits tumor growth has remained vague. However, since *T. spiralis*, a complicated multicellular organism with a unique ability to trigger a Th2 immune response at the intestinal phase, produces proteins, lipids and metabolites that can be recognized by the host immune system \[[@r31]\], thus infection of *T. spiralis* may stimulate the activation, differentiation, and proliferation of macrophages, NK cells, K cells, and CTL cells, and, then, may promote the secretion of cytokines such as tumor necrosis factor, interleukin, interferon, colony stimulating factor, and transfer growth factor \[[@r32], [@r33]\]. This possible mechanism is also supported by the studies with other microorganisms. More than 20 years ago, Stewart *et al*. \[[@r34]\] reported that *T. pseudospiralis* was likely involved in immunomodulation. The nonspecific immune functions of animals and humans have also been enhanced through the activation of natural immune cells and the production of cytokines by *Trichuris suis*, and these indicators have been used to identify the severity of various immunity-related diseases \[[@r35]\]. These diseases include autoimmune Type I diabetes, experimental colitis, autoimmune encephalomyelitis, Inflammatory Bowel Disease (IBD) and airway allergic inflammation \[[@r36], [@r37]\]. In addition to classic Th2 cytokines, the proinflammatory mediator IL-17 is also generated, which is important to the maintenance of chronic intestinal inflammation \[[@r38]\]. The specific and/or nonspecific immune function was enhanced by the activation of the immune network system to generate antitumor effects \[[@r39]\].

The tumor cell killing effect is mediated by macrophages activated *in vivo* by directly killing tumor cells and producing effector molecules of oncolytic activity. Peritoneal macrophages, obtained from albino mice infected with *T. spiralis* at one week, had a strong cytotoxic effect on the R1 leukemia cells *in vitro* \[[@r40]\]. A striking increase in the number of peritoneal exudate cells, as high as eight times that of normal mice, obtained from C57BL/6 mice infected orally with *T. spiralis* larvae was observed from 3 to 37 days and overlapped the evacuation of adult worms from the gut \[[@r41]\]. The results showed that the *in vitro* syngeneic EL-4 tumor cells or allogeneic P815 tumor cells were significantly inhibited through the hindered incorporation of a \[3H\]-TdR effect on DNA synthesis. Indicating the inhibition of DNA synthesis was an especially powerful cytotocix effect killed the EL-4 tumor cells \[[@r41]\].

NK cells, the first line of defense against tumorigenesis, play a meaningful role in the prevention of the development of a neoplasm, inhibiting the proliferation and metastasis of tumors \[[@r42]\]. NK cell-mediated cytotoxicity reaction *in vivo* is provoked during the migration and early muscle phases of the infection with *T. spiralis* in mice \[[@r43]\]. Pulmonary NK cells in the lungs of B6C3F1 mice infected with 200 and 500 *T. spiralis* larvae showed considerably boosted cytotoxic activity against the semisyngeneic tumor cells on days 20 and 30 after challenge, and the effect was more significant as the parasitic infection increased. In contrast, Large Granular Lymphocytes (LGLs) from the spleens of the infected mice increased simultaneously with parasitic infection as well as the number of surface asialo-GM1 molecules \[[@r43]\].

The increase of IL-4 and TNF-β observed in mast cells is directly activated by the *T. spiralis* larvae 1 (TSL-1) antigens \[[@r44]\]. IL-3 might strengthen the Th2 immune response during the early stages of parasite infection. The release of IL-4 was significantly augmented in spleen cells isolated from mice injected with recombinant IL-3 and infected with *T. spiralis.* The expression of surface markers Thy1, CD4 and CD8 was also augmented \[[@r45]\], which was observed on day 30 but not day 20 after the administration of larvae \[[@r43]\], along with Monocyte Chemotactic Protein-1 (MCP-1) and TNF-α in serum \[[@r46]\] and IL-5 and IFN-γ in the intestinal lymph \[[@r33]\].

3.2. Antitumor Bioactive Substances {#sec3.2}
-----------------------------------

The antitumor effect of *T. spiralis* may depend not only on enhanced innate immune function but also on Excretory-Secretory (ES) products as some antitumor bioactive substances that may exert an antitumor effect indirectly by changing the expression of a tumor gene or by affecting the antitumor directly. ES products in *T. spiralis* were suggested participating in the amelioration of autoimmune, allergic, and malignant diseases *in vitro* and in animal models \[[@r47]\].

The intravenous injection of mixed crude extracts of *T. spiralis* adult and new born larvae dramatically inhibited the growth of MFC, H22 and S180 tumors in ICR mice, and a significant dose-dependent growth inhibition of the tumor cells *in vitro* was observed in our study \[[@r48]\]. No difference was observed among the extracts from *T. spiralis* adults, new born larvae or muscle larvae. The antitumor activity of the cytotoxic factor was also induced through apoptosis in mice thymocytes by *T. spiralis* ES products, but was much lower than in the mice treated with larval parasites. Moreover, the effect of intraperitoneal injection outweighed that of intramuscular injection.

Recently, studies have consistently indicated that the Translationally Controlled Tumor Protein (TCTP) is highly conserved and abundantly expressed across a wide range of eukaryotic organisms. This protein is most noticeably downregulated during tumor reversion, and its function has been associated with cell growth, including cell-cycle progression, malignant transformation, calcium-binding proteins, histamine-releasing factors, antiapoptotic and immunomodulatory activities \[[@r49]\]. TCTP has been identified as being briefly present in *Trichinella*, *trematodes*, *Plasmodium* subspecies, and other parasitic worms \[[@r50]\].

Caveolin-1 (cav-1) is an essential protein component of the caveolae, which are flask-shaped invaginations of the plasma membrane \[[@r51]\]. The cav-1 protein is reported to function as a tumor suppressor by inducing cell cycle arrest and apoptosis, thereby inhibiting primary tumor growth during the early stages of some tumors \[[@r52]\]. Recently, the cav-1 gene was cloned from *T. spiralis* as an adult-specific antigen by the Suppression Subtractive Hybridization (SSH) technique and was shown to be expressed and to gradually accumulate on the surface of maturing *T. spiralis* oocytes and embryos \[[@r53]\].

Heat shock proteins (hsps), highly homologous to the TCTP, play a significant role in the folding stability, intracellular disposition and proteolytic turnover of many of the key regulators of cell growth, differentiation and survival \[[@r54]\] and are also regarded as potent immunoadjuvants that can engender more powerful antitumor effects \[[@r55]\]. Previously, heat-inducible proteins, such as sHSP, HSP60, HSP70, histone H3, and histone H2B, have been isolated from somatic extracts and ES products from *T. spirali*s \[[@r56]\]. In *T. spiralis*, HSPs are important for maintaining homeostasis and preventing cell death \[[@r57]\].

Ribosomal proteins are involved in DNA repair, cell growth regulation, cell differentiation and are overexpressed in gastric cancer, colorectal cancer, esophageal cancer and liver cancer. In 1968, Rigby documented the successful use of an allograft for the treatment of tumor-bearing animals by immune RNA (iRNA) \[[@r58]\], and in the next 30 years, the use of iRNA was expeditiously applied to many types of tumors and viruses \[[@r59]\]. Unfortunately, the study of iRNA therapy gradually declined as other new cancer immunotherapies emerged and because iRNA therapy was not as effective as initially imagined; therefore, the mechanism of iRNA therapy has remained unelucidated. Previous investigations have shown that *Trichinella* iRNA showed a significant reduction in tumor growth in the SP2/0 tumor model of BALB/c mice, and two ribosomal proteins, S24 and S24e, were identified in *T. spiralis* \[[@r60]\].

Tropomyosins (Tms) are the core components of microfilaments (or the actin filaments), which are the thinnest filaments of the cytoskeleton. Tms are conserved acidic proteins found in a diverse array of eukaryotic organisms including yeasts, worms, flies, crustaceans, frogs, birds, and mammals \[[@r61]\]. A number of studies have documented that Tms possess tumor suppressor activity in a variety of human tumors, including breast, bladder, astrocytoma, central nervous system, and colon cancer \[[@r62]\]. The myeloma-associated antigen of *T. spiralis* has been shown to have antitumor activity in the myeloma cell line SP2/0 \[[@r63]\] and may play a role in eliciting cross-protective immunity \[[@r64]\]. The retinoblastoma(RB) gene involved in inhibiting breast cancer MCF 7 cell growth was obtained from *T. spiralis* by the SSH technique.

3.3. Nurse Cells and Apoptosis {#sec3.3}
------------------------------

Extensive research in the past few years has focused on the molecules of cell signaling pathways involved in the regulation of tumor cell growth, proliferation, adherence, differentiation, apoptosis and immunoregulation to allow the development of new pharmacologic approaches to tumor prevention and target therapy \[[@r65]\]. These signaling pathways include BMP, EGF, EGFR, HIF, Jak/STAT, MAPK, mTOR, NF-κB, p53, PI3K/Akt, Ras/ERK, Rho, TGFβ, Notch, and Wnt/β-catenin \[[@r66]\]. The antitumor agents being developed to target these molecules may positively (*i.e*., trigger or promote) or negatively (*i.e*., suppress or inhibit) affect tumors or even play conflicting roles as tumor suppressors and tumor promoters \[[@r67]\].

Apoptosis, also referred to as programmed cell death, plays an important physiological role in maintaining the balance of tissue homeostasis \[[@r68]\]. The above-mentioned molecules have a profound impact on apoptosis pathways \[[@r69]\]. The targeted activation of apoptosis pathways, including the intrinsic (mitochondrial) and the extrinsic (death receptors) pathways, is a subject of tumor therapy that is worthy of study and research \[[@r70]\]. In addition to apoptosis, the arrest of the cell cycle, which consists of four distinct phases designated G1, S, G2 and M, could be suggested as another novel avenue for the development of a potent antitumor agent for the management of tumors \[[@r71]\]. Cell cycle arrest most frequently focuses on the G1/S or G2/M boundaries \[[@r72]\]. Subsequent apoptosis occurs in the arrested cells \[[@r73]\].

One study showed that an infected myocyte could be transformed to its nurse cell form using secreted signaling molecules, the so-called "Parakines", after new born larvae entered the skeletal muscle \[[@r74]\]. The expression of mitochondrial apoptosis-related genes (Bcl-2 associated protein X, BAX; apoptotic protease activating factor 1, Apaf-1; Caspase 9 and serine/threonine Protein Kinase, PK), the key regulators of differentiation, proliferation and apoptosis of the muscle cells, are upregulated in *T. spiralis*-infected muscles during encapsulation \[[@r75]\]. In addition, TNF-α, TNF receptor 1 (TNFR-1), TNF receptor-associated death-domain (TRADD), caspase 3, caspase 8, TNF receptor associated factor-2 (TRAF2) and Receptor Interactive Protein (RIP) are also upregulated \[[@r49], [@r76]\]. These responses suggest that the mitochondrial apoptosis signaling pathway and the TNF-α/TNFR-1 signaling pathway are involved in nurse cell formation. Furthermore, the two apoptosis pathways may be activated by antitumor genes or antitumor bioactive substances in *T. spiralis* to suppress proliferation and invasion or apoptosis of the tumor cells \[[@r48]\]. In our research group, recombinant A200711 (L-aminoadipate-semialdehyde dehydrogenase- phosphopantetheinyl transferase), a *T. spiralis* protein, has been shown to be involved in the induction of apoptosis in human hepatoma H7402 cells \[[@r77]\].

*T. spiralis* infection causes a variety of changes in the skeletal muscle cells and the long-term suspension of the infected cell in the cell cycle at G2/M \[[@r78]\]. Cyclin-dependent kinase inhibitor p21 has been reported to play an important role in blocking cell-cycle expression during the cyst formation of *T. spiralis*, similar to the roles of tumor suppressor genes p53 and mouse double minute 2 \[[@r75]\]. Studies have shown that p53 contributes to the G1/G0 phase arrest in the cell cycle \[[@r79]\]. Cell cycle distribution analysis show that crude extracts of *T. spiralis* arrested the growth of the human chronic myeloid leukemia cell line (K562) at the G1 phase and the hepatoma cell line (H7402) at the S phase \[[@r48]\]. The increased expression of the c-Ski for the TGF-b signaling pathway factor indicates that the c-Ski protein is involved in nurse cell formation and cell cycle blocking through the TGF-β signaling pathway \[[@r76]\].

The tumoricidal activity of eosinophils has been described for several tumors \[[@r80]\] and is indicated by a pronounced eosinophilia that coincides with the establishment of *T. spiralis* larval stages in skeletal muscle \[[@r81]\]. In addition, tumor growth may be suppressed due to fever induced by parasite migration as well as *via* heat therapy.

The expression of apoptosis and anti-apoptotic proteins of the infected host muscle cells and satellite cells is regulated toward nurse cell formation through a parakine-mediated, host-cell, death-receptor, apoptotic pathway; the mitochondrial apoptotic pathway; and the TGF-β and Insulin-like of Growth Factor (IGF) signaling pathway \[[@r82]\]. Furthermore, the infected muscle cells are arrested in the cell cycle at the G2/M phase when the basophils of the nurse cell cytoplasm are changing into eosinophils. Satellite cells transform into normal muscle cells, which are dissipated with further regulation of the proliferation and differentiation of the satellite cell by apoptosis and the anti-apoptotic proteins, MyoD, myogenin, Myfs and MRF4. However, satellite cells transformed into nurse cells when they are parasitized by *T. spiralis* larvae. The regulatory mechanism of nurse cell formation is similar to the mechanism for tumor cell apoptosis signal regulation.

Apoptosis, which can be mediated by several antitumor drugs, is one of the most important signaling pathways and controls the cell fate and is a common death model of tumor cells \[[@r83]\]. The induction of tumor cell apoptosis has been suggested as a new strategy for modern tumor therapy \[[@r84]\]. Therefore, the "Parakines" of *T. spiralis* not only guide the transformation of infected cells into nurse cells but are also involved in the regulation of tumor cell apoptosis mediated by death receptors and mitochondria \[[@r85]\]. Furthermore, the sequential identification of macrophage Migration Inhibiting Factor (MIF), serine protease family protein and inhibition factor also supports this hypothesis \[[@r86]\]. Recently, chronic infection with *T. spiralis* has been experimentally demonstrated to display the capacity to inhibit tumor growth in a mouse model receiving B16 melanoma cells possibly through the mechanism of enhancing apoptosis and/ or necrosis \[[@r87]\].

4. T. SPIRALIS IS ASSOCIATED WITH A COINCIDENTAL OR PROMOTABLE ROLE {#sec4}
===================================================================

Coinfection with different pathogens is a common occurrence, which can influence the progression of disease \[[@r37]\]. Human *T. spiralis* coinfection with cancer was studied before the antitumor effects of *T. spiralis* were studied in the human and animal cases \[[@r88]\].

The growth of the cancer in cases of coinfection was previously considered as possibly being caused by the irritation from the chronic inflammation of the muscle that had been occupied long term by *T. spiralis* cysts \[[@r89], [@r90]\]. The risk of developing duodenal and gastric ulcer disease and gastric cancer, for example, is significantly increased after infection with *Helicobacter pylori* \[[@r91]\]. Interestingly, the masticatory muscles have been shown to be preferentially infected with *T. spiralis*, and the coinfection has frequently occurred in oral organ cancer, including oral cancer, tongue carcinoma, and laryngeal cancer \[[@r89], [@r90], [@r92], [@r93]\] and mainly involves squamous cell carcinoma, which is the most common neoplastic process of the oral cavity \[[@r94], [@r95]\]. However, in some cases, coinfection occurred with palpebral melanoma and breast carcinoma \[[@r96]\] In addition to the chronic irritation, the potential causes are that the obvious preferential muscle tropism and encystment of the *T. spiralis* larvae may enhance the circulation of neoplastic neovascularization \[[@r95]\], and *T. spiralis* infection alone may not have induced the tumor. Instead, coinfection may have served only as a cocarcinogen and played an auxiliary function in the development of the tumors \[[@r93]\].

T helper cells play an essential role in the regulation and maintenance of cellular immunity and humoral immunity. Th precursors can be differentiated into the following four distinct subsets: Th1, Th2, Th17, and Treg cells. Under normal conditions, Th1/Th2 cytokines cross-regulate each other\'s development in the body and are in a dynamic balance, which is important in the regulation of immune function and inflammatory response; and a disturbance in this balance may contribute to a host of functional disorders \[[@r97]\]. The imbalance of the Th1/Th2 is involved in the pathological process of many diseases. When a Th1 shift occurs, chronic inflammatory and autoimmune diseases, including Rheumatoid Arthritis (RA), Multiple Sclerosis (MS), and Type 1 diabetes normally occur. In contrast, a Th2-polarization leads to host susceptibility to microbial infections, tumorigenesis and progression, allergic reactions, and graft rejection reactions, including allergy, asthma, hay fever, urticaria, atopic dermatitis, chronic graft-versus-host disease, progressive systemic sclerosis, and systemic lupus erythematosus \[[@r98]\].

Cellular immune function mediated by Th1 cells, which can suppress proliferation of malignant cells and angiogenesis, plays an important role in antitumor responses \[[@r99]\], whereas Th2 cells inhibit antitumor responses \[[@r100]\]. No antitumor protection was observed during *S. mansoni* infection that induce a Th2-predominated response \[[@r12]\] . Infection with *T. spiralis* in human and animals is associated with a predominant Th2 type immune response \[[@r101]\]. The powerful expression of Th2 cytokines may inhibit Th1 cells and prevent the secretion of the IL-2, IL-12, and INF-γ that are mainly responsible for the development and persistence of cytotoxic T cells that emerge during a Th1→Th2 switch in which the Th1 cell activity declines and the Th2 activity increases \[[@r102]\]. The predominant expression of Th2-type cytokines in tumor cells may be related to development in cancer patients and the escape of tumor cells from immune surveillance \[[@r103]\]. Reduced Th1 immune responses have been considered an immunological link between *Echinococcus granulosus* infection and cancer metastasis in the liver \[[@r104]\]. Thus, Th2-polarized responses triggered by *T. spiralis* infection may not have an antitumor effect and, instead, may promote tumorigenesis or tumor recurrence.

CONCLUSION
==========

Progress in the research on the relations between *T. spiralis* and tumors has greatly increased our understanding of its role in antitumor. Although evidences suggest that *T. spiralis* may be a powerful agent for tumor biotherapy, many questions remain unanswered, such as whether *T. spiralis* can be really used to prevent or cure tumors? If so through which mechanism? Even if it can be used to prevent or cure cancers, challenges remain, such as viable parasite infection or oral eggs cannot be administered easily to patients because these treatments could result in a persistent parasitic infection in humans and animals, and the large-scale application of *T. spiralis* during the parasite's life cycle for tumor treatment is infeasible. Can an imbalance in Th1 and Th2 cells caused by *T. spiralis* promote tumorigenesis and progression? Is coinfection with tumors and Trichinellosis a coincidence or are the tumors caused by Trichinellosis? Thus, to elucidate the mechanisms and explain the coinfection of Trichinellosis and exploit the opportunities for tumor biotherapy more rapidly and efficiently in the future, more experimental and epidemiological investigations must be conducted.
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###### 

Outline of study on the antitumor effect of *T. spiralis in vivo* and *in vitro* during recent years.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Year**   **Tumor**                                                                               **Animal**      **Material**                  **Method**     **Detection Time**   **Effect**                **Author**
  ---------- --------------------------------------------------------------------------------------- --------------- ----------------------------- -------------- -------------------- ------------------------- -------------
  1970       Breast tumor                                                                            Swiss mice      *T. spiralis*                 Subcutaneous   \-                   Survival↑\                Weatherly
                                                                                                                                                                                       Mortality↓                

  1975       Sarcoma 180                                                                             HaM/ICR mice    *T. spiralis*                 Oral           28 days\             Survival↑\                Lubiniecki
                                                                                                                                                                  56 days              No effect                 

  1977       B-16 melanoma                                                                           B6D2F1/J mice   *T. spiralis*                 Oral           176 days             No signs of neoplasia     Molinari

  1979       Sarcoma 180                                                                             ICR/CD-1 mice   *T. spiralis*                 Oral           2 weeks\             Protection\               Molinari
                                                                                                                                                                  6, 8 or 34 weeks     No Protection             

  1982       B16 melanoma                                                                            C57BL/6 mice    *T. spiralis*                 Oral           2 months             Tumour-free               Pocock

  2002       Malignant fibrous histiocytoma                                                          Rat             *T. spiralis*                 Oral           \-                   Suppression               Apanasevich

  2008       A549 lung cancer cells                                                                  BALB/c mice     *T. spiralis*                 Oral           \-                   Suppression               Gong

  2008       Human Colorectal Caricnoma HCT-8                                                        BALB/c mice     *T. spiralis*                 Oral           \-                   Suppression               Li

  2008       C6 glioma                                                                               BALB/c mice     *T. spiralis*                 Oral           \-                   Suppression               Liu

  2009       Murine Forestomach Carcinoma (MFC), Sarcoma 180, murine ascitic hepatoma (H22)          ICR mice        *crude T. spiralis extract*   Intravenous    \-                   Suppression               Wang

  2009       MFC, H22, Sarcoma S180, human hepatoma (H7402), human chronic myeloid leukemia (K562)   *In vitro*      *crude T. spiralis extract*   Incubation     \-                   Anti-proliferative\       Wang
                                                                                                                                                                                       Arrested the cell cycle   

  2009       Hepatoma carcinoma cell Hepa1-6                                                         C57BL/6 mice    *T. spiralis*                 Oral           \-                   Suppression               Zhang

  2013       SP2/0 myeloma                                                                           BALB/c mice     *T. spiralis*                 Oral           11 days              Suppression               Deng

  2013       B16-F10 melanoma                                                                        C57BL/6 mice    *T. spiralis*                 Oral           \-                   Suppression\              Kang
                                                                                                                                                                                       Metastasis↓               

  2013       H7402                                                                                   *In vitro*      *A200711*\                    Incubation     \-                   Tumor apoptosis           Wang
                                                                                                                     *(T. spiralis protein)*                                                                     

  2015       B16 melanoma                                                                            C57BL/6 mice    *T. spiralis*                 Oral           40 days              Suppression               Vasilev

  2015       B16 melanoma                                                                            *In vitro*      Excretory-secretory product   Incubation     \-                   Tumor apoptosis           Vasilev
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
